Abstract In this work, the effect of K in the Bi 2 Sr 2 Ca 1-x K x Cu 2 O 8?y superconductor with x = 0.0, 0.05, 0.075, and 0.1, has been investigated. The samples were prepared by a polymer solution technique using polyethyleneimine, PEI. The effects of K substitution have been investigated by electrical resistivity (q-T), scanning electron microscopy (SEM), X-ray diffraction (XRD), energy dispersive X-ray spectroscopy, and magnetic characterizations. SEM and XRD results have shown that the Bi-(2212) phase is the major one independently of the K concentration. Moreover, the microstructure of samples is improved with K-concentration up to x = 0.075. From electrical resistivity measurements we have found that Tc is slightly higher than 91 K for K-concentrations up to 0.075, and then it decreases for higher doping for about 0.5 K. Moreover, this trend is maintained in the magnetic measurements in which the hysteresis loops are increased until 0.075 K-concentrations. The maximum calculated Jc, using Bean's model, has been found at around 4.5 10 6 A/ cm 2 at 10 K and *1,000 Oe for the 0.05 K doped samples.
Introduction
Since the discovery of high-Tc superconductivity in Bibased high-temperature superconductors (HTSC) [1] , which provides the most promising materials for potential technological and industrial applications [2] [3] [4] , intense studies have been performed [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] in order to improve its critical temperature (Tc), critical current density (Jc), and better understand the structural properties of the system. As it is well-known, the Bi-based superconductor family comprises three different phases which can be described by the Bi 2 Sr 2 Ca n-1 Cu n O 2n?4?y general formula, where n = 1, 2 and 3. Moreover, n is related to the number of CuO 2 layers in the crystal structure, producing the Bi-2201, 2212 and 2223, respectively, with 20, 85, and 110 K critical temperatures, respectively [19] [20] [21] . For many years, researchers have tried to improve their structural, mechanical and superconducting properties by using several techniques [13] [14] [15] [16] [17] [18] [19] [20] [21] . Especially, one of the most useful techniques in order to improve the physical properties of BSCCO superconductors, in this regard, is the substitution of some elements at different cationic sites. These substitutions lead to important changes in charge carrier concentration and also release the restriction of spin alignment due to the spin lattice interaction [22] . The effect of such changes is one of the important features that help understanding the structural details and superconducting properties along with the mechanism of occurrence of superconductivity [23] [24] [25] . Besides chemical doping, the synthetic methods have also been widely studied by researchers to produce high quality and homogeneous samples. Among these preparation techniques, some of them can be underlined, as the classical solid state [26, 27] melt quench [28] [29] [30] [31] , sol-gel [32] [33] [34] [35] and the polymer matrix [36] [37] [38] methods.
Recent studies on the substitution of alkaline metals in the Bi-based superconductors have shown that cation disorders affect the T C of the system, since their ionic radii (73-181 pm) overlap those of Bi, Pb, Sr, Ca, and Cu. Moreover, alkaline metals have a ?1 valence state; hence, their substitution is attractive from the point of changing carrier concentrations. The effects of substituting alkaline metals for Bi, Sr, and Cu in BSCCO were studied by [39] [40] [41] . In these works, the Tc was increased by Li and Na doping, but was decreased by K and Rb doping. It was also found that alkaline metals drastically decreased the formation temperature of the Bi-2212 phase.
The aims of the present work are: (i) introducing optimum amounts of K into the Bi 2 Sr 2 Ca 1-x K x Cu 2 O 8?y system by replacing Ca, (ii) exploring the structural, electrical and magnetical behavior of the modified systems, (iii) evaluating the results as a function of K-concentration. In previous works, the effects of several substitutions for Ca or Cu have been studied [42] [43] [44] [45] . In the framework of this study, the modification of Bi-2212 ceramics induced by the K-substitution for Ca has been determined by means of X-ray analysis (XRD), scanning electron microscopy (SEM), electron dispersive X-ray (EDX), and magnetic measurements.
Experimental details
Bi 2 Sr 2 Ca 1-x K x Cu 2 O y samples, with x = 0, 0.05, 0.075 and 0.1 have been prepared, by using a polymer matrix route described in detail elsewhere [16, 46] . Bi(CH 3 COO) 3 (C99.99 %, Aldrich), Sr(CH 3 COO) 2 Á0.5H 2 O (99 %, Panreac), Ca(CH 3 COO) 2 Á2H 2 O (98 %, Alfa Aesar), Cu(CH 3 COO) 2 ÁH 2 O (98 %, Panreac) and K(CH 3 COO) (99 %, Alfa Aesar) commercial powders were used as starting materials. They were weighed in stoichiometric amounts and dissolved in a mixture of glacial acetic acid (CH 3 COOH) (Panreac PA) and distilled water. The use of a mixture of glacial acetic acid and water is due to the fact that in one side Sr acetate is insoluble in concentrated acetic acid and, on the other side; Bi acetate is not soluble in water [47] . Once a clear blue solution is obtained, polyethyleneimine (PEI) (Aldrich, 50 wt% water) solution in distilled water, in order to reduce the viscosity of commercial PEI, was added. The mixture becomes dark blue immediately reflecting the formation of Cu-N coordination bonds. The solution was then introduced into a rotary evaporator to reduce its volume (in *80 %) followed by heating on a hot plate at about 100°C for total solvent evaporation, producing a thermoplastic dark blue paste. Further heating at around 350°C produces a decomposition step, as described schematically elsewhere [37] , which produces the organic material decomposition. The resulting powder was then milled in an agate mortar and calcined twice at 750 and 800°C for 12 h in order to decompose the alkaline-earth carbonates, avoiding the bubbles formation in the subsequent melting process.
Finally, the prereacted homogeneous powders were pressed into pellets with 13 mm in diameter, and thermally treated in order to produce the Bi-2212 superconducting phase. This process was performed under air, and consisted in two steps: 60 h at 860°C, followed by 12 h at 800°C and, finally, quenched in air to room temperature.
In order to identify the present phases, powder X-ray diffraction patterns of the materials were recorded at room temperature using a Rigaku D/max-B powder diffractometer system working with CuKa radiation and a constant scan rate between 2h = 3°-70°. The uncertainty of the crystal lattice parameters calculation remained in the ±0.00001 range. SEM micrographs were taken using a LEO Evo-40 VPX scanning electron microscope (SEM) fitted with an energy dispersive spectrometry (EDS) analysis system. Magnetic measurements were carried out in a Quantum Design PPMS system. The Bi 2 Sr 2 Ca 1-x K x Cu 2 O 8?y samples, with x = 0, 0.05, 0.075, and 0.1 will be hereafter named as A, B, C and D, respectively.
Results and discussion

XRD characterization
The normalized XRD patterns for all the samples are presented in Fig. 1 where the peaks for the Bi-2212 superconducting phase have been indicated by #2 [45] . From these graphs, it can be seen that both pure and K-doped samples contain the Bi-2212 phase as the major one, independently of the amount of the K-doping. Moreover, small amounts of CaCuO 2 nonsuperconducting secondary phase (indicated by *) was detected in all the samples, which is a clear indication that K does not destabilize the Bi-2212 superconducting phase. From the XRD data, it has been determined that the crystal symmetry of all the samples is tetragonal and the lattice parameters were calculated using Table 1 . As it can be inferred from these data, while a-b parameters are slightly increasing, c-parameter is decreasing when K-concentration is raised. It is argued that the variation of the oxygen content on the lattice structure by substituting K for Ca ions can cause the reduction in the c-parameter and, consequently, the raise in the a-b parameters.
In order to get more information about the crystal sizes, the Debye-Scherrer formula [48] has been applied to the XRD data, as:
where k is the used wavelength, b is the full width at half maximum and h is the angle of the peak. As can be seen from Table 1 , the particle sizes increase with increasing K-concentration, up to x = 0.075.
SEM analysis
The surface morphologies of all samples have been observed with SEM and the micrographs are displayed in Fig. 2 . From these images, it can be clearly seen that the surface morphology of the A, B, and D samples are very similar. These samples are formed by randomly oriented closely packed and dense plate-like grains together with some porosity. On the other hand, C sample has a more uniform surface with a dense alignment of plate-like grains. In addition, with increasing of K, the porosity of the samples slightly decreases when K is added until an optimum value of 0.075. Further K additions produce a deterioration of microstructure and, in fact, the amount of porosity increases in an important manner.
Electrical measurements
The electrical resistivity (q) versus temperature (T) curves obtained for all samples are plotted in Fig. 3 Table 1 ). This trend in transition temperature values indicates the improved superconducting properties of the system with increasing K-concentration. In addition, the T c onset transition temperature value was found to be almost unchanged compared with the pure sample. It reveals small changes in hole concentration values calculated from Presland equation [49] (see Table 1 ). The onset and offset critical temperatures obtained from the normalized resistivity graph versus temperature are tabulated in Table 1 . It can be easily seen that T c onset gradually decreases with the increase of K amount, but T c offset increases up to x = 0.075 K. Additionally, the difference between onset and offset critical temperatures is decreased with the decreasing of K-concentration up to x = 0.075, indicating a higher slope in the transition from the normal to the superconducting state.
Magnetic properties
The magnetic-hysteresis cycles, between applied fields of ±9 kOe, for all the samples, at 10, 20, and 30 K are shown in Fig. 4 . The magnetic-hysteresis loops of the samples show that the magnitude of magnetization effectively depends on K doping levels. There is a clear raise of magnetization volume in the entire range of magnetic fields for all samples when K-concentration is increased, except for samples D, i.e. the hysteresis loops are getting larger with increasing doping K-concentration while they decrease when the temperature is increased. In addition, the diamagnetic behavior observed in the M-H loops of all samples except for x = 0.1 sample confirms the occurrence of a conventional type-II superconductor. These effects can be explained using the arguments described previously in Table 1 T c values deduced from the R-T measurement data, unit cell parameters, crystal size and hole-carrier concentration for each type of samples the electrical measurements section. Moreover, they are confirmed with the SEM observations which show an increase of the K-substituted Bi-2212 phase when K-concentration is raised. As a consequence of the higher amount of the K-doped phase up to x = 0.075, the superconducting properties of these samples are improved. Further, K doping (for sample D) increases the Cooper pair breaking and the magnetic properties diminish. From these magnetic data, the Jc values of the samples were determined using the Bean's model [50] ;
where Jc is the magnetization current density in ampéres per square centimeter of a sample. DM = M ? -M-is measured in electromagnetic units per cubic centimeter, and d is the thickness of the sample. Figure 5 shows the critical current density value at 10 K estimated from M-H loops for all samples up to 1 T. Calculated Jc of all samples effectively increases with the increasing magnetic field and K-concentrations up to 0.1 T, then starts to decrease. The important rise in the Jc values for the K-doped samples studied in this work up to x = 0.075 implies that the resistance to the flux creep of those samples are smaller than that of the others due to the higher superconducting properties of K-substituted Bi-2212 phases which do act as effective pinning centers. It is also well known that in the high-Tc superconducting material, non superconducting impurity phases are highly effective in the flux-pinning mechanism. Due to the increasing of impurities; the applied fields begin to significantly penetrate into the sample and cause a diminishing at the critical current values. In our case, a higher critical current density value (for samples A, B and C) indicates the strong pinning mechanism arising from K-content in the superconductor. But for sample D, due to the increasing of non-superconducting impurities Jc value starts to decrease. It can be also concluded that the field dependence of J C above 0.1 T can be related to the presence of structural defects or the weak links between grains.
The temperature dependences of zero field cooled (ZFC) magnetizations of the samples have been measured and displayed in Fig. 6 , under an external applied magnetic field of 50 Oe. In the ZFC phase, the samples become diamagnetic below their onset temperatures and it is almost reached to the diamagnetic saturation at the lowest temperatures. Additionally, it can be concluded that the magnetizations show an incremental tendency on the superconducting properties with the raise of K-concentration up to x = 0.05. Then the magnetization of the samples starts to decrease (for sample D), pointing out the lower superconducting properties in the samples. The granular nature of BSCCO superconductor together with the effect of the weak connectivity at the grain boundaries mainly causes this kind of behavior.
Conclusions
In this study, we aim to improve the microstructural, electrical and superconducting properties of the BSCCO superconducting ceramics prepared by a polymer matrix route by partial replacement of K for Ca in its crystal structures. The well-known experimental techniques such as the XRD, SEM, dc-resistivity and dc-magnetization and magnetic hysteresis are performed to find the optimum doping level of K-concentration. All the results point out that the characteristics above mentioned improve regularly with the rise of the K-concentration up to a critical value of x = 0.075 after which the superconducting properties tend to decrease. XRD suggests that samples with nearly single Bi-2212 phase have been produced, independently of the K-concentration. The SEM micrographs confirm that all samples are predominantly composed by randomly Moreover, all of them show a broad transition from the normal to the superconducting state, pointing out to the presence of impurities and weak links between superconducting grains, except for the C samples. From M-H measurements, it is found that the magnetization values and the volume of the closed hysteresis curves increase with increasing K-concentration up to x = 0.075, due to the formation of the K-substituted Bi-2212 phase. Employing Bean's model, it is found that the increase on K-concentrations produces an increase on Jc values, again up to x = 0.075. 
